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Abstract— This paper presents a selected, not exhaustive,
description of lightning research in Colombia over time, based 
on natural observatories for experimentation and 
measurement; and introduces the DABEIBA Lightning 
Research Center as a new institutional cooperation to 
concentrate several instruments such as Lightning Mapping 
Array - LMA, high speed cameras, high energy detectors, by 
different scientific parties in a single area for tropical lightning 
research.
Keywords—Lightning research center, tropical zone
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6\VWHPDWLF H[SHULPHQWDO OLJKWQLQJ UHVHDUFK ZRUNV KDYH
EHHQFDUULHGRXWLQ&RORPELDVLQFHWKHV LQYROYLQJPDQ\
W\SHV RI WHFKQLTXHV DQG LQVWUXPHQWV IURP WKH ILUVW ORZ
IUHTXHQF\ OLJKWQLQJ FRXQWHUV FDOOHG 56$ >@ WR WKH
PRVWUHFHQWKLJKIUHTXHQF\OLJKWQLQJPDSSLQJDUUD\VFDOOHG
/0$ >@ 7KH HQWLUH ORQJ OLVW RI FRQWULEXWLRQV FDQQRW EH
GHVFULEHG LQ GHWDLO EXW EH\RQG WKDW WKLV SDSHU IRFXVHV RQ
VRPHUHVHDUFKHIIRUWVPDGHWRLPSOHPHQWQDWXUDOODERUDWRULHV
LQ YHU\ HVSHFLDO ORFDWLRQV LQ WKH KHDUW RI VRPH RI WKHPRVW
OLJKWQLQJDFWLYHDUHDVLQWKHZRUOGZKHUHVHYHUDOLQVWUXPHQWV
ZHUHDUUDQJHGWRPHDVXUHERWKSK\VLFDOOLJKWQLQJSDUDPHWHUV
DQG OLJKWQLQJFDXVHG HIIHFWV RQ VHQVLWLYH V\VWHPV VXFK DV
HOHFWULFRQHV
1RZDGD\VDQHZH[SHULPHQWDOREVHUYDWRU\LVGHYHORSHG
LQ &RORPELD EDVHG RQ FRQWULEXWLRQV IURP QDWLRQDO DQG
LQWHUQDWLRQDOUHVHDUFKLQVWLWXWLRQVWKDWDOORZHGFRQIRUPLQJWKH
'$%(,%$/LJKWQLQJ5HVHDUFK&HQWHUZKHUH DQ LPSRUWDQW
VHW RI VSHFLDOL]HG HTXLSPHQW VXFK DV /LJKWQLQJ 0DSSLQJ
$UUD\±/0$KLJKHQHUJ\GHWHFWRUVHOHFWULFILHOGPLOOVKLJK
VSHHGDQGVHQVLWLYHFDPHUDVDQGPDQ\RWKHUVDUHGHSOR\HG
,, %$&.*5281'
0HDVXUHPHQWVRIOLJKWQLQJLQGXFHGYROWDJHVDQGFXUUHQWV
ZHUH LQLWLDOO\ GHYHORSHG LQ H[SHULPHQWDO PHGLXP YROWDJH
V\VWHPVLQRUGHUWRILQGH[SODQDWLRQVIRUWKHH[WUHPHO\KLJK
IDLOXUHUDWHVRISRZHUGLVWULEXWLRQWUDQVIRUPHUVLQVHYHUDOUXUDO
DUHDV>@2XWVWDQGLQJUHVHDUFKPHDVXUHPHQWGHSOR\PHQWV
DUHGHVFULEHG LQ)LJ ,PSURYHGSURWRW\SHVRIGLVWULEXWLRQ
WUDQVIRUPHUVZHUHSURGXFHGDVDUHVXOWRIWKHILUVWORQJWHUP
PHDVXUHPHQWDQGREVHUYDWLRQFDPSDLJQVRQUHDOQHWZRUNVLQ
 +LJK YROWDJH WUDQVLHQW PHWHUV ZHUH LQVWDOOHG DORQJ
RYHUKHDG PHGLXP YROWDJH QHWZRUNV GXULQJ GLIIHUHQW
FDPSDLJQV VWDUWLQJ LQ   DQG  DW GLIIHUHQW
ORFDWLRQV > @$ PKHLJKW LQVWUXPHQWHG WRZHU P
KHLJKWLQDQLQLWLDOVWDJHZDVGHSOR\HGLQLQRQHRIWKH
KLJKHVWOLJKWQLQJDFWLYHDUHDLQ&RORPELDSODWHDQWHQQDVDQG
YDULRXVRWKHULQVWUXPHQWVZHUHXVHGDVDFRPSOHPHQWRIGLUHFW
PHDVXUHPHQWV/RFDOHOHFWULF ILHOGPLOOQHWZRUNVKDYHEHHQ
XVHG LQQDWXUDO ODERUDWRULHVVLQFH8QIRUWXQDWHO\PRVW
RI WKRVH UHVHDUFK IDFLOLWLHV ZHUH LQWHUUXSWHG GXH WR IXQGLQJ
OLPLWDWLRQV DQG SROLWLFDO DQG VRFLDO IDFWRUV KRZHYHU VRPH
VWDWLVWLFDOO\ UHSUHVHQWDWLYH PHDVXUHPHQWV ZHUH SURYLGHG E\
LQGXFHGRYHUYROWDJHPHWHUVDQGRWKHUV
,,, ),567'(3/2<0(176(;3(5,0(176:,7+32:(5
',675,%87,2175$16)250(56
6LQFH  WKH UHVHDUFK JURXS 3$$6 RI WKH 1DWLRQDO
8QLYHUVLW\ RI &RORPELD IRFXVHG LWV HIIRUWV RQ ILQGLQJ
VROXWLRQV IRU WKH KLJK PRUWDOLW\ RI SRZHU GLVWULEXWLRQ
WUDQVIRUPHUV GXH WR OLJKWQLQJ LQ &RORPELD RIILFLDO ILJXUHV
VKRZDQ DQQXDO UDWHDURXQGGHVWUR\HG WUDQVIRUPHUV
>@$Q LQWHJUDO DQDO\VLV WKDW LQFOXGHV WKH HQYLURQPHQW WKH
WUDQVIRUPHU PRGHOLQJ WKH KLJK IUHTXHQF\ EHKDYLRU WKH
LQVWDOODWLRQDQGWUDQVSRUWDWLRQFRQGLWLRQVDPRQJPDQ\RWKHUV
ZDVUHDOL]HG
,QDQH[SHULPHQWDOPHGLXPYROWDJHFLUFXLWLQDUXUDO
DUHDZKHUHWKHPHDQOLIHF\FOHRISRZHUWUDQVIRUPHUVZDV
\HDUV ZDV XVHG WR LQVWDOO  LPSURYHG SRZHU WUDQVIRUPHUV
ZLWKVWUXFWXUDOFKDQJHVLQLWVLQWHUQDOFRQVWUXFWLRQLQRUGHUWR
FRQWURO WKH OLJKWQLQJ WUDQVIHUUHGSXOVHV IURP WKHKLJK WR WKH
ORZYROWDJHVLGHDQGLQFUHDVHLWVLQVXODWLRQOHYHO%,/±%DVLF
,QVXODWLRQ/HYHO7KHLPSURYHGFRQVWUXFWLRQZDVGHVLJQHGE\
WKH3$$6JURXSDQGWKHWUDQVIRUPHUSURWRW\SHVZHUHEXLOWE\
WKHFRPSDQ\6,(0(16>@7KLVLQLWLDOWHVWGHSOR\PHQWLV
VKRZQ LQ )LJ  LQ WKH ORFDWLRQ7RSDLStZKHUH WKH*URXQG
)ODVK'HQVLW\*)'LVFORVHWRIODVKHVNP\HDU$IWHUIRXU
\HDUVWKHOLJKWQLQJORFDWLRQV\VWHPWKDWZDVRSHUDWLQJDWWKDW
WLPHEDVHGRQ/3$76WHFKQRORJ\GHWHFWHGPRUH WKDQ
&*IODVKHVDWGLVWDQFHVFORVHUWKDQPWRWKHH[SHULPHQWDO
V\VWHPDQGRQO\WZRIDLOXUHFDVHVZHUHUHSRUWHG
7KLV LQLWLDO H[SHULHQFH ZDV XVHG WR GHYHORS RWKHU
H[SHULPHQWDO V\VWHPV VXFK DV LQ 6DPDQi LQ  )LJ 
ZKHUHQHZSURWRW\SHVRISRZHUWUDQVIRUPHUVZHUHWHVWHG
LQDUHDOPHGLXPYROWDJHRYHUKHDGV\VWHPXQGHUDUHJLPHRI
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*)'DURXQGIODVKHVNP\HDU,QDOOFDVHVWKHOLIHF\FOHV
ZHUHH[WHQGHG WRPRUH WKDQ\HDUV0RUHGHWDLOVDERXWWKH
PRGHOLQJQHZGHVLJQVDQGH[SHULPHQWVDUHJLYHQE\7RUUHV
>@
,9 &2175,%87,21621/,*+71,1*0($685(0(176
A. Experience with instrumented towers
,Q  7RUUHV > @ LQVWDOOHG D P LQVWUXPHQWHG
WRZHULQ6DPDQi)LJFDOOHG,O\DSDZLWKVHYHUDOFXUUHQW
VHQVRUVLQWKHERWWRP7KHH[SHFWHGQXPEHURIGLUHFWVWULNHV
RQWKHWRZHUZDVSHU\HDUWDNLQJLQWRDFFRXQWWKHJHQHUDO
*URXQG6WURNH'HQVLW\ *6'SURYLGHGE\ WKH//6DW WKDW
WLPHWKH'HWHFWLRQ(IILFLHQF\ZDVSUREDEO\ORZHUWKDQ
DV GHVFULEHG E\ 7RUUHV >@ FRPSXWHG RQ ZLGH FDOFXODWLRQ
JULGV IRU WKH QHLJKERULQJ DUHD DURXQG  VWURNHVNP\HDU
UHFHQWGDWDVXJJHVW WKDW WKHUHDO*)'LQ WKLVDUHD LVKLJKHU
WKDQ  IODVKHVNP\HDU DV GHVFULEHG LQ )LJ  )HZ \HDUV
ODWHU WKH WRZHU ZDV PRYHG WR 3XHUWR %HUULR )LJ  DQG
LQFUHDVHGLQKHLJKWXSWRP'DWDRIWRGD\VKRZVWKDWWKH
*)'LVDURXQGIODVKHVNP\HDULQWKLVDUHD)LJJLYHVDQ
H[DPSOH RI D GLUHFW FXUUHQW PHDVXUHPHQW LQ  6RPH
OLJKWQLQJFXUUHQWVLJQDOVDVUHSRUWHGE\7RUUHVHWDO>@ZHUH
SRVVLEOH LQ WKH SHULRG EHIRUH  ZKHQ WKH PHDVXUHPHQW
SURJUDP ZDV VWRSSHG XQIRUWXQDWHO\ QRW HQRXJK WR EH
FRQVLGHUHGDVVWDWLVWLFDOO\UHSUHVHQWDWLYH
7KH PRUH SUHFLVH DQG HIILFLHQW //6V RI WRGD\ DOORZ
REVHUYLQJPRUHVSHFLILFORFDOOLJKWQLQJKRWVSRWVHYHQLQVLGH
RQHRIWKHKLJKHVWOLJKWQLQJKRWVSRWVLQWKHZRUOGDV6DPDQi
LWZDVUHFHQWO\LGHQWLILHGE\$OEUHFKHWDO>@EDVHGRQWKH
KLVWRULFDO GHWHFWLRQ GDWD SURYLGHG E\ WKH VDWHOOLWH GHWHFWRU
/,6 6RPH UHFHQW DQDO\VHV VKRZ WKDW KLJK OLJKWQLQJ DFWLYH
DUHDVLQ&RORPELDH[SRVHDOVRDQLQKRPRJHQHRXVEHKDYLRURI
*)' DV VPDOOHU FRPSXWDWLRQ JULGV DUH XVHG 7KH ,O\DSD
LQVWUXPHQWHGWRZHUZDVORFDWHGLQDYHU\KLJKOLJKWQLQJDFWLYH
DUHD EXW QRW QHFHVVDULO\PDWFKLQJ D ORFDO OLJKWQLQJ KRWVSRW
$GGLWLRQDOO\WKHKLJKDOWLWXGHVRIFORXGFKDUJHFHQWHUVLQWKH
WURSLFVDVUHFHQWO\SUHVHQWHGE\/RSH]HWDO>@XVLQJD/0$
QHWZRUN LQ &RORPELD SURGXFHV WKDW WDOO VWUXFWXUHV GR QRW
LQWHUDFWZLWKFORXGFKDUJHVDVLQKLJKODWLWXGHVZKHUHXSZDUG
OLJKWQLQJ LV XVXDO 7KHUHIRUH WKH UHDO H[SHFWHG QXPEHU RI
GLUHFWVWULNHVFRXOGEHYHU\GLIIHUHQWWRWKHLQLWLDOHVWLPDWHG
&XUUHQW UHVHDUFK LV IRFXVHG RQ ILQGLQJ ORFDO KRWVSRWV
LQVLGHYHU\OLJKWQLQJDFWLYHDUHDVLQ&RORPELDZKHUHH[LVWLQJ
WRZHUV ZLWK GHPRQVWUDWHG KLJK GLUHFW OLJKWQLQJ VWULNH UDWH
FRXOGEHLQVWUXPHQWHGLQRUGHUWRFRQWLQXHWKHPHDVXUHPHQW
SURJUDPVWDUWHGZLWKWKH,O\DSDVWDWLRQ


)LJ 0HDVXUHPHQWLQVWUXPHQWGHSOR\PHQWVLQ&RORPELDDVQDWXUDOOLJKWQLQJODERUDEDWRULHV


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
)LJ 0HDVXUHPHQWLQVWUXPHQWGHSOR\PHQWVLQ&RORPELDDVQDWXUDO
OLJKWQLQJODERUDEDWRULHV
B. Measurement of lightning induced overvoltages
7KHRUHWLFDO VWXGLHV RQ OLJKWQLQJ LQGXFHG RYHUYROWDJHV
ZHUHVWDUWHGLQ&RORPELDLQ>@$ILUVWH[SHULPHQWDO
GHSOR\PHQW ZDV FDUULHG RXW LQ  E\ 6DOJDGR >@ ZKR
EXLOWDQGLQVWDOOHGWKUHHWUDQVLHQWRYHUYROWDJHPHWHUVLQD
NPUHDOPHGLXPYROWDJHQHWZRUN LQ6DPDQi )LJ0RUH
WKDQOLJKWQLQJLQGXFHGRYHUYROWDJHVZHUHVLPXOWDQHRXVO\
PHDVXUHGDWWKHWKUHHSRLQWVLQWKLVFDPSDLJQ>@,Q
LPSURYHG PHDVXUHPHQW V\VWHPV ZHUH LQVWDOOHG LQ 3XHUWR
%HUULR)LJRQDVKRUWRYHUKHDGPHGLXPYROWDJHQHWZRUN
ULJKWQH[W WRWKH,O\DSDLQVWUXPHQWHG WRZHU7KHGHVLJQDQG
GHSOR\PHQW RI WKRVH LQVWUXPHQWVZHUH FDUULHGRXW E\3HUH]
>@DVWKHH[SHULPHQWDOYDOLGDWLRQIRUFRPSXWDWLRQDOPRGHOV
ODWHULQWURGXFHGLQVSHFLDOL]HGVRIWZDUH7KHODVWH[SHULPHQWDO
OLJKWQLQJLQGXFHGRYHUYROWDJHPHDVXUHPHQWVZHUHFDUULHGRXW
LQ/D3DOPD)LJLQ,QWKLVFDVHILYHPHDVXUHPHQW
VWDWLRQVDV VKRZQ LQ)LJ ZHUH LQVWDOOHG DORQJ DNP
UXUDOGLVWULEXWLRQV\VWHP5HVXOWVDUHSUHVHQWHGE\$UDQJXUHQ
HWDO>@0HDVXUHGOLJKWQLQJLQGXFHGRYHUYROWDJHVLQWKHODVW
WKUHHH[SHULPHQWVDUHQRWGLUHFWO\FRPSDUDEOHGXHWRWKHXVHG
RYHUKHDG HOHFWULF V\VWHPV DUH GLIIHUHQW &RQFOXVLYH UHVXOWV
IURPWKHH[SHULPHQWLQ/D3DOPD$UDQJXUHQHWDO>@VKRZ
WKDWWKHPHDQDPSOLWXGHRIWKHLQGXFHGWUDQVLHQWVZDVN9
DWWKHPHGLXPYROWDJHOHYHODQGN9LQWKHORZYROWDJHRQH
LQ DGGLWLRQ WKH PHDQ GXUDWLRQ RI WKH HOHFWURPDJQHWLF
WUDQVLHQWVZHUHDURXQGVZLWKPD[LPXPYDOXHVXS WR
V
7KH NQRZOHGJH GHYHORSHG LQ WKH GHVFULEHG H[SHULPHQWV
KDYH FRQWULEXWHG WR SURJUDP VSHFLDOL]HG VLPXODWLRQ WRROV
ZKLFKDUHXVHGWRGD\IRUVWXG\LQJWKHUHOLDELOLW\OHYHOVRIODUJH
SRZHU GLVWULEXWLRQ V\VWHPV LQ WKH RUGHU RI WKRXVDQGV RI
NLORPHWHUVRIOHQJWK3HUH]HWDO>@


2YHUYROWDJHPHDVXUHPHQW
FRQQHFWLRQ

2YHUYROWDJHPHDVXUHPHQWFRPSRQHQWV
)LJ 0HDVXUHPHQWV\VWHPRIOLJWQLQJLQGXFHGRYHUYROWDJHV
C. Measurement of atmospheric electrostatic field
6RPHGHSOR\PHQWVRIHOHFWULFILHOGPLOOVZHUHGHYHORSHG
IRU H[SHULPHQWDO FDPSDLJQV LQ %RJRWi  %RJRWi
0HGHOOtQDQG0DQL]DOHV/D3DOPDDQGRWKHUV
(OHFWULFILHOGPLOOVLQ/D3DOPD)LJZHUHORFDWHGULJKWLQ
WKH DUHD ZKHUH OLJKWQLQJ LQGXFHG RYHUYROWDJH PHWHUV KDYH
EHHQLQVWDOOHG$OOXVHGGHYLFHVZHUHEDVHGRQWKHSURWRW\SH
EXLOW E\ $UDQJXUHQ LQ  DQG LWV LPSURYHPHQWV LQ WKH
IROORZLQJ\HDUV>@%DVHGRQWKHVHV\VWHPV$UDQJXUHQHWDO
>@VWXGLHGWKHHOHFWULFDOVWUXFWXUHVRIWKXQGHUVWRUPV$
ELSRODU FKDUJH VROXWLRQ ZDV IRXQG LQ %RJRWi XVLQJ VWRUP
HSLVRGHVLQZLWKDILUVWFKDUJHRI&DWNPKHLJKW
DQGDVHFRQGFKDUJHRI&DWNPKHLJKW UHVSHFWLQJ
ORFDODOWLWXGH06/6LPLODUDQDO\VHVDWORZHUDOWLWXGH
DUHDVDV/D3DOPDFRQILUPHGWKDWWKHPDLQQHJDWLYHFKDUJHV
DUHORFDWHGDWDOWLWXGHVRINPRUPRUH(IIHFWVRIRURJUDSK\
ZHUHDOVRLQYHVWLJDWHG
(OHFWULFILHOGPLOOVLQ/D3DOPDFRRUGLQDWHGZLWKOLJKWQLQJ
ORFDWLRQ GDWD DQG LQGXFHG RYHUYROWDJH PHDVXUHPHQWV ZHUH
XVHG WR VWXG\ WKH WKXQGHUVWRUP VHYHULW\ UHODWHG WR SRZHU
RXWDJHV > @ 'HVFULEHG UHVHDUFK HYROYHG WR DGDSWHG
WKXQGHUVWRUP ZDUQLQJ V\VWHPV ZKLFK DUH FXUUHQWO\ XVHG LQ
VHYHUDOLQGXVWULDODSSOLFDWLRQV
9 '$%(,%$/,*+71,1*5(6($5&+&(17(5
,QDVFLHQWLILFFRRSHUDWLRQFRRUGLQDWHGE\7HFKQLFDO
8QLYHUVLW\ RI &DWDORQLD ± 83& .HUDXQRV 6$6 VSLQRII
FRPSDQ\OLQNHGWRWKH1DWLRQDO8QLYHUVLW\RI&RORPELDDQG
8QLYHUVLW\ RI 0DJGDOHQD LQVWDOOHG WKH ILUVW /LJKWQLQJ
0DSSLQJ$UUD\ /0$QHWZRUN LQ WKH WURSLFV7KLV V\VWHP
ZDV LPSOHPHQWHGZLWK WKHPDLQ REMHFW WR FRQWULEXWH WR WKH
(XURSHDQ $6,0 SURMHFW >@ 7KH &2//0$ QHWZRUN LV
FRPSRVHGE\VL[9+)GHWHFWRUVZLWKDEDVHOLQHIURPWR
NP7KHDUHDRILQWHUHVWFRYHUHGDVPDOO OLWWRUDO]RQHRIWKH
&DULEEHDQ6HDWKH6DQWD0DUWDFLW\DQGWKHZHVWHUQIRRWKLOOV
RI WKH 6LHUUD1HYDGDGH 6DQWD0DUWDPRXQWDLQ WKH KLJKHVW
FRDVWOLQHPRXQWDLQLQWKHZRUOG)LJJLYHVDQH[DPSOHRI
OLJKWQLQJ OHDGHUPDSSLQJ LQDSHULRGRIPLQXWHVZKHQDW
OHDVW ILYH &ORXGWR*URXQG IODVKHV DUH LGHQWLILHG &*
GHWHFWLRQ SURYLGHG E\ WKH &RORPELDQ 7RWDO /LJKWQLQJ
'HWHFWLRQ6\VWHP&7/'6>@JLYHDV;LQ)LJH[SRVHG
DYHU\JRRGFRUUHODWLRQLQVSDFHDQGWLPH$VVKRZQLQ)LJ
WKHHPLVVLRQVDUHGHWHFWHGDWDOWLWXGHVXSWRNP&RQWLQXRXV
PHDVXUHPHQWV IURP  WR  DOORZHG FKHFNLQJ WKDW
OLJKWQLQJOHDGHUVUHDFKKLJKDOWLWXGHVLQWURSLFDOWKXQGHUVWRUPV
IDYRULQJWKHSURGXFWLRQRI7UDQVLHQW*DPPD)ODVKHV±7*)
>@
7KHSRVLWLYHH[SHULHQFHLQ6DQWD0DUWDHQFRXUDJHVWRUH
ORFDWHWKH/0$WRDKLJKHUOLJKWLQJGHQVLW\DUHDLQ&RORPELD
,W ZDV PRYHG LQ  WR %DUUDQFDEHUPHMD )LJ  ZKHUH
VHYHUHWKXQGHUVWRUPVDUHFRPPRQGXULQJPRVWRIWKH\HDUDQG
VHYHUDORWKHU LQVWUXPHQWVDUHDYDLODEOH VXFKDVDVHQVRUV
HOHFWULFILHOGPLOOQHWZRUNDPHWHRURORJLFDOUDGDUDQGRWKHUV
7KH*)' LQ WKLV DUHD LV DURXQG  IODVKHVNP\HDU )LJ 
LOOXVWUDWHWKHORFDWLRQRIHOHFWULFILHOGPLOOV/0$DQWHQQDHD
/,1(7DQWHQQDRIWKH&7/'6DQGWKHPHWHRURORJLFDOUDGDU
2WKHUH[SHULPHQWDOLQVWUXPHQWVDVDKLJKHQHUJ\GHWHFWRUDQG
PLFURZDYH DQG IODW DQWHQQDH ZHUH LQVWDOOHG LQ
%DUUDQFDEHUPHMDLQWKH,QGXVWULDO8QLYHUVLW\RI6DQWDQGHU
8,6


Measurement
Tower (60 m)
Shelter of 
measurement and 
acquisition 
systems
Capacitive 
high voltage 
divider
Signal 
acquisition,
time stamp
and remote 
control.
Power 
supply 
(solar unit)
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
)LJ /0$UHFRUGLQ6DQWD0DUWDRQ1RYHPEHU(PLVVLRQVUHODWHGWR,QWUDFORXGDQG&ORXGWR*URXQGDFWLYLW\LQDPLQSHULRG7KH;VKRZ
&ORXGWR*URXQGVWURNHGHWHFWLRQVSURYLGHGE\WKH&RORPELDQ7RWDO/LJKWQLQJ'HWHFWLRQ6\VWHP%DVHGRQ/,1(7WHFKQRORJ\
/DVWGHSOR\PHQWLQFOXGHVDQRSWLFDOREVHUYDWLRQVHWXSLQ
6DQ7XUEDQ0RXQWDLQDWDQDOWLWXGHKLJKHU WKDQ06/
)LJ,WLVDVWUDWHJLFDOORFDWLRQFKRVHQIRULWVVN\TXDOLW\
LWVDOWLWXGHDQGWKHGLVWDQFHWRWKH/0$QHWZRUN2EVHUYLQJ
7UDQVLHQW/XPLQRXV(YHQWV±7/(VLVWKHPDLQH[SHFWDWLRQ


)LJ 'DEHLED/LJKWQLQJ5HDVHDUFK&HQWHU
7KHGHVFULEHG LPSOHPHQWDWLRQRI OLJKWQLQJPHDVXUHPHQW
LQVWUXPHQWVKDVEHHQFDOOHG'DEHLEDLQVSLUHGLQWKH'DEHLED
JRRGQHVVRIWKH.DWLDLQGLJHQRXVFXOWXUHDQGLWLVH[SHFWHG
WKDW PRVW RI WKH PHDVXUHPHQW GHYHORSPHQWV VWDUWHG LQ
SUHYLRXV QDWXUDO ODERUDWRULHV LQ RWKHU SODFHV RI &RORPELD
FRXOG EH FRQWLQXHG LQ WKLV QHZ DUHD $QDO\VHV RI ORFDO
OLJKWQLQJ KRWVSRWV LQVLGH 'DEHLED KDYH DOORZHG LGHQWLI\LQJ
H[LVWLQJ WDOO REMHFWV WHOHFRP WRZHUVZKHUH OLJKWLQJ GLUHFW
PHDVXUHPHQWLVYLDEOH,QDGGLWLRQWKURXJKRXWWKLVDUHDWKHUH
LVDODUJHRYHUKHDGSRZHUHOHFWULFV\VWHPRIPRUHWKDQNP
WKDW VXSSOLHV YHU\ VHQVLWLYH LQGXVWULDO ORDGV RLO LQGXVWU\
ZKHUH OLJKWQLQJFDXVHG GLVWXUEDQFHV SURGXFH D YHU\
VLJQLILFDQWRSHUDWLYHHIIHFW
9, &21&/86,216
6RPHRIWKHPRVWUHOHYDQWH[SHULPHQWDOHIIRUWVFDUULHGRXW
LQ&RORPELD IRU OLJKWQLQJ UHVHDUFKRYHUQDWXUDO ODERUDWRULHV
KDV EHHQ SUHVHQWHG 0DQ\ RWKHU PHDVXUHPHQWV IRU D ZLGH
QXPEHURIOLJKWQLQJUHODWHGREMHFWVQRWGLVFXVVHGKHUHKDYH
EHHQGHYHORSHG LQ&RORPELDE\VHYHUDOVFLHQWLVWVKRZHYHU
WKLVSDSHUIRFXVHVRQWKHKLVWRULFDOH[SHULPHQWDOIDFWVWKDWOHDG
WR WKH LPSOHPHQWDWLRQ RI WKH 'DEHLED /LJKWQLQJ 5HVHDUFK
&HQWHU
7KHILUVWH[SHULPHQWDOVWXGLHVFRQGXFWHGWRILQGVROXWLRQV
IRU D FULWLFDO SUREOHP RI GDPDJHV RI SRZHU GLVWULEXWLRQ
WUDQVIRUPHUVPRWLYDWHG WKH GHSOR\PHQW RIPRUH VSHFLDOL]HG
DQGFRPSOH[PHDVXUHPHQWV LQ LQVWUXPHQWHG WDOO WRZHUV DQG
LQVWUXPHQWHGRYHUKHDGSRZHUOLQHV)RXQGLQJOLPLWDWLRQVDQG
RWKHU ORFDO IDFWRUV GLG QRW DOORZ FRQGXFWLQJ ORQJWHUP
H[SHULPHQWV DQG UHODWLYH VKRUW DQG PHGLXP SHULRGV RI
PHDVXUHPHQWV ZHUH ILQDOO\ DYDLODEOH 7KH QXPEHU RI
H[SHULPHQWDOGHSOR\PHQWVLQYHU\KLJKOLJKWQLQJDFWLYHDUHDV
LVQRWDEOH
,QRUGHUWRVWXG\WKHHOHFWULFDODQGSK\VLFDOVWUXFWXUHVRI
WKXQGHUVWRUPV LQ WURSLFDO DUHDVZKLFK FDQEH UHODWHG WR WKH
SURGXFWLRQ RI7/(V DQG7*)V WKH ILUVW /0$ LQ D WURSLFDO
UHJLRQ ZDV GHSOR\HG 7KH ILUVW GHWHFWLRQV FRQILUPHG WKH
UHFXUUHQFHRIWKXQGHUFORXGVRIJUHDWHUYHUWLFDOGHYHORSPHQW
7KH'DEHLED/LJKWQLQJ5HVHDUFK&HQWHUZDVSODQQHGDQG
DUUDQJHG WR KRVW WKH /0$ V\VWHP DQG FRRUGLQDWH LWV
PHDVXUHPHQWV ZLWK FRPSOHPHQWDU\ LQIRUPDWLRQ IURP WKH
&7/'6HOHFWULFILHOGPLOOVUDGDUDQGRWKHUV6HYHUDOWRSLFV
DERXW OLJKWQLQJ VXFK DV WKH EHKDYLRU RI &* VWULNHV RQ WDOO
VWUXFWXUHV WKH HIIHFWV RQ SRZHU GLVWULEXWLRQ V\VWHPV WKH
EHKDYLRU RI VHYHUH VWRUPV DQGPDQ\ RWKHUV DUH QRZ XQGHU
GHYHORSPHQW
Electric field mill
LMA
Radar
LINET sensor
Barrancabermeja 
Magdalena 
River
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5()(5(1&(6
>@ + 7RUUHV ³(VSDFLR \ 7LHPSR HQ ORV 3DUiPHWURV GHO 5D\R (QVD\R
VREUH XQD KLSyWHVLV GH LQYHVWLJDFLyQ´ 8QLYHUVLGDG 1DFLRQOD GH
&RORPELD
>@ + 7RUUHV ³(O UD\R 0LWRV /H\HQGDV &LHQFLD \ 7HFQRORJtD´
8QLYHUVLGDG1DFLRQDOGH&RORPELD81,%,%/26
>@ + 7RUUHV / %DUUHWR 0XOWLSOH 7LPH 6HULHV LQ 7URSLFDO /LJKWQLQJ
5HVHDUFK3URFHHGLQJ,&/36HS%XGDSHVW+XQJDU\
>@ -/ySH]-0RQWDQ\j2YDQGHU9HOGH'5RPHUR'$UDQJXUHQ+
7RUUHV - 7DERUGD ³)LUVW GDWD RI WKH &RORPELD /LJKWQLQJ0DSSLQJ
$UUD\ ± &2/0$´ UG ,QWHUQDWLRQDO &RQIHUHQFH RQ /LJKWQLQJ
3URWHFWLRQ,&/3(VWRULO3RUWXJDO
>@ +7RUUHV³9DULDWLRQVRIOLJKWQLQJSDUDPHWHUVPDJQLWXGHVZLWKLQVSDFH
DQG WLPH´ ,QWHUQDWLRQDO &RQIHUHQFH RQ /LJKWQLQJ 3URWHFWLRQ ,&/3
%LUPLQJKDP8.
>@ +7RUUHV³0HWRGRORJtDSDUDODVROXFLyQGHXQJUDQUHWRWHFQROyJLFR
ODVIDOODVGHWUDQVIRUPDGRUHVGHGLVWULEXFLyQ´((%ILQDOUHSRUW
>@ )5RPiQ-$ULDV$QiOLVLVGH6REUHWHQVLRQHV\(QHUJtD'LVLSDGDHQ
ORV'HVFDUJDGRUHVGH6REUHWHQVLyQHQXQD/tQHDGH3UXHED'HELGRD
9ROWDMHV ,QGXFLGRV SRU 'HVFDUJDV 6XEVHFXHQWHV GHO 5D\R LQ 9
-RUQDGDV /DWLQRDPHULFDQDV \ ,, ,EHURDPHULFDQDV HQ $OWD 7HQVLyQ \
$LVODPLHQWR(OpFWULFR$/7$(
>@ '$UDQJXUHQ(3pUH]-+HUUHUD+7RUUHV-,QDPSXpV(2ODUWH
,6DQWR\R06DOJDGR**XHUUHUR0*DU]yQ)LUVW0HDVXUHPHQWV
RI /LJKWQLQJ ,QGXFHG2YHUYROWDJHV LQ WKH1DWXUDO /DERUDWRU\ LQ /D
3DOPD &RORPELD ,QWHUQDWLRQDO &RQIHUHQFH RQ *URXQGLQJ DQG
(DUWKLQJ 	 WK ,QWHUQDWLRQDO &RQIHUHQFH RQ /LJKWQLQJ 3K\VLFV DQG
(IIHFWV6DOYDGRU±%UD]LO
>@ ' -LPpQH] 0 &DPDUJR ( 2ODUWH , 6DQWR\R ' $UDQJXUHQ -
+HUUHUD(3pUH]+7RUUHV³'HYHORSPHQWRIWKH1DWXUDO/DERUDWRU\
IRU/LJKWQLQJ,QGXFHG9ROWDJHVDQG$WPRVSKHULF(OHFWULFLW\6WXG\LQ
/D 3DOPD ± &RORPELD´ ;  ,QWHUQDWLRQDO 6\PSRVLXP RQ /LJKWQLQJ
3URWHFWLRQWKWK&XULWLED%UD]LO1RYHPEHU
>@ (3pUH]³$YDQFHVHQHOPRGHODPLHQWR\H[SHULPHQWDFLRQGHWHQVLRQHV
LQGXFLGDV´3K'7KHVLV1DWLRQDO8QLYHUVLW\RI&RORPELD
>@ + 7RUUHV HW DO $QDO\VLV RI R QRQLGHQWLI\LQJ /LJKWQLQJ 6WURNH
3RODULW\ PHDVXUHG LQ D 1DWXUDO /LJKWQLQJ ([SHULPHQWDO 6WDWLRQ LQ
&RORPELD ,QWHUQDWLRQDO &RQIHUHQFH RQ *URXQGLQJ DQG (DUWKLQJ
*5281'¶%HOR+RUL]RQWH%UD]LO
>@ 5$OEUHFKW6*RRGPDQ'%XHFKOHU5%ODNHVOHHDQG+&KULVWLDQ
 :KHUH $UH WKH /LJKWQLQJ +RWVSRWV RQ (DUWK" %XOO $PHU
0HWHRU6RF±GRL%$06'
>@ -/ySH]-0RQWDQ\j2YDQGHU9HOGH'5RPHUR'$UDQJXUHQ+
7RUUHV - 7DERUGD )LUVW GDWD RI WKH &RORPELD /LJKWQLQJ 0DSSLQJ
$UUD\±&2/0$,QWHUQDWLRQDO&RQIHUHQFHRQ/LJKWQLQJ3URWHFWLRQ 
,&/3(VWRULO3RUWXJDO
>@ +HUUHUD -3pUH](<RXQHV&$QiOLVLVGH0RGHORV0DWHPiWLFRV
SDUDHO&iOFXORGHWHQVLRQHVLQGXFLGDVHQ5HGHV$iUHDVGH'LVWULEXFLyQ
GH (QHUJtD (OpFWULFD 7HVLV GH 3UHJUDGR 8QLYHUVLGDG 1DFLRQDO GH
&RORPELD%RJRWi
>@ 0 6DOJDGR 7HQVLRQHV ,QGXFLGDV SRU 'HVFDUJDV (OHFWULFDV
$WPRVIHULFDVHQ5HGHV$HUHDVGH'LVWULEXFLyQ(OpFWULFD6LVWHPDGH
0HGLFLyQ 7HVLV GH 0DHVWUtD 8QLYHUVLGDG 1DFLRQDO GH &RORPELD

>@ +7RUUHVHWDO$FRPSDULVRQEHWZHHQ7KHRUHWLFDODQG([SHULPHQWDO
/LJKWQLQJ ,QGXFHG 9ROWDJHV LQ 7URSLFDO =RQH ,QWHUQDWLRQDO
&RQIHUHQFH RQ *URXQGLQJ DQG (DUWKLQJ *5281'¶ %HOR
+RUL]RQWH%UD]LO
>@ (3HUH]+7RUUHV&<RXQHV-+HUUHUD'$UDQJXUHQ-0RQWDxD
3$$6 JURXS FRQWULEXWLRQV WR NQRZOHGJH DERXW WKH SKHQRPHQRQ RI
OLJKWQLQJ SDUW , /LJKWQLQJ LQGXFHG RYHUYROWDJHV  :RUOG
0HHWLQJRQ/LJKWQLQJ:20(/&DUWDJHQD&RORPELD
>@ '$UDQJXUHQ³(VWXGLRGHODVWRUPHQWDVHOpFWULFDVDWUDYpVGHOFDPSR
HOpFWULFR DPELHQWDO´ 7HVLV GH 0DHVWULD 8QLYHUVLGDG 1DFLRQDO GH
&RORPELD
>@ ' $UDQJXUHQ + 7RUUHV 7KXQGHUVWRUPV UHVHDUFK LQ &RORPELD
,QVWUXPHQWV SK\VLFV DQG OLJKWQLQJ ZDUQLQJ V\VWHPV  :RUOG
0HHWLQJRQ/LJKWQLQJ:20(/&DUWDJHQD&RORPELD
>@ ' $UDQJXUHQ - /ySH] - ,QDPSXpV + 7RUUHV + %HW]0DWWKLDV
0RHKUOHLQ ³(OHFWURVWDWLF )LHOG DQG /LJKWQLQJ 'HWHFWLRQ DSSOLHG WR
7KXQGHUVWRUPV 1RZFDVWLQJ LQ &RORPELD´ 6,3'$;,, ,QWHUQDWLRQDO
6\PSRVLXPRQ/LJKWQLQ3URWHFWLRQ%UD]LO
>@ '$UDQJXUHQ - ,QDPSXHV -/ySH]+7RUUHV+%HW] &ORXG WR
JURXQG OLJKWQLQJ DFWLYLW\ LQ &RORPELD DQG WKH LQIOXHQFH RI
7RSRJUDSK\ -RXUQDO RI $WPRVSKHULF DQG 6RODU7HUUHVWULDO 3K\VLFV
KWWSVG[GRLRUJMMDVWS


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